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Abstract. - The early history of physics at accelerators 1s reviewed, with empha-
s1s on three experiments which have had a profound influence on our view of the
structure of matter: The Franck and Hertz experiment demonstrating the mechanism
of atomic spectra, the Cockcroft and Walton experiment opening practical ways of
studying nuclear disintegration, and the discovery of the v+t 1gobar of the pro-

ton by Fermi and collaborators, revealing structure in the nucleon. Fermi's work
18 i1llustrated by pages from his notebooks.

Resume. - L'histoire du debut de la physique des accelerateurs est presentee, avec
l'accent sur trois experiences qul ont eu une influence profonde sur notre concep-
tion de la structure de la matiere: 1l'experience de Franck et Hertz quie demontra
le mecanisme des spectres atomiques, 1l'experience de Cockcroft et Walton qui=
ouvrit des vnies pratiques a 1l'etude de le desintegration nucleaire, et la decou-
verte de 1'isobere Vtt du proton per Fermi et ses collaborateurs, quie revela
une structure dans le nucleon. Le travall de Fermi est illustre par des extraits
de son journal de laboratoire

Introduction

T don't intend to give a comprchensive survey of all the important experiments
ifn elementary particle physics that were carried out at accelerators In the period
1970 - 1960. Tnstead, 1'd like to tell about three accelerator experiments that {n
a dramatic way, changed physics profoundly, each Ia its own time. The experiments 1
have Iin mind are the followine:

1) "Excitatlon of the the 2536 A Resonance Line of Mercury,” J. Franck and
G. Hertz, (1914).1,2

2) "Disintergration of Elewents by Hiph Veloclty Protons,” J. Do Cockeroft and
BEe To S. Walton (1932).7,4

1) "Total Crogs—-sections of Positive pPlons I{n NHvdropgen,” 1. L. Anderson,
1] A . U
E. Formi, F. As lLong, and D. K. Napleo (19%2) .0

The firat oaperiment made (1t clear that Bohr's theory wias corrvect and thereby
cponed the wiy *to £ propey understanding of atomle apectroscopys  The scecond opened
the fleld of nuelear apectrogceopy.  The thivd, by making cevident the sfpnttfcance of
lootople apln and revealing the extutence of an exefted atate ot the proton,
provided the kry to the Jed spectroncopy, the apectroscopy of the hadronn.

The [dea tht! ecach wuccennlve atape [n the development of elementary particele
phyuics wan markeda by n new upectroncopy s taken from Welaskopt. o oan arl tele, 0
"What {u an Elemencary Partfele,” weitten {n cclebratfon of the %0th anmfversary ol
the International Unfton of Pure and Applied Sclence, he digcusuen how stracture in
an elementary system iw always revealed by o spectroscopy. e fdenttifed three
atages, and wrote, "1t s hintorfeally totereatting that these three propreantve
stepn tovard a deeper ainderstanding ot the fundamental structure of matter were
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initiated by discoveries made almost exactly 20 years apart: the discovery of the
nuclear atom by Rutherford in 1911, the discovery of the neutron by Chadwick ir
1932, and the discovery of the excited A-state of the proton by Ferml and
collaborators and its interpretation by Brueckner and Watson in 1952." When he
wrote this article in 1972 a 4th spectroscopy of quarks and gluons, that occupies a
large part of high energy physics today, was emerging.

Franck and Hertz Experiment

The Rutherford scattering experiment gave no suggestion of a spectroscopy until
Bohr's theory provided it. The experimental demonstration that atomic spectroscopy
could be understood from the point of view of Bohr's theory was made by Franck and
Hertz. This was not the classic Franck and Hertz experiment in which it was shown
that an electron would lose 4.9 volte, and not less. in inelastic collisions with
mercury atoms. It was the one that followed and answered tne question "What hap-
pened to the lost energy.?“l Fig. 1 shows the apparatus. It is an accelerator
small enough to be held in one hand. There is a platinum filamernt, labeled D in
the figure, thac emitted electrons when leated by au electric current. The
electrons were accelerated toward the anode N when this was held at positive
potential with respect to the filament. The bulb was filled with mercury vapor
that served as the tavget. With anode voltages in excess of 4.9 volts, inelastic
collisions bhetween electrons and mercury atoms took place within the bulb. To see
what came out of this, an ultraviolet spectrograph was set up to analyze any
possible light emission. The spectrogram obtained is reproduced in Fig. 2. The
result 18 shown in the lower gpectrum. The darkened continucus region on the right
1s due to the light emitted by the hot filauent. Off {o the left thare is a single
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Fig. 1: The clectron accel-
crator of Fraonck and Hertz used
to excite the 2536 A resonance
line of mervcury.

Fip. 2 Uhtraviolet spectro-

prom ahowlng the ningle 2517 A
resomancee Tine of mercury (he-
low) and the compartaon ppec-

tium (abave).
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isolated dark line, identifie=d by the comparison spectrum of mercury above, as the
2535 A resonance line of mercury. We recognize this line today as coming from
the first excited state of tiue mercury atom and we know that it arises by the
emission of radiation following excitation by electron collision. In fact, from
their measurement of the electron energy, /.9 volts, and the wavelength of the
emitter light, Planck's constant was determined. The value they obtained, h = 6.59

10° %’ args ~, agrees, within errors, with the present value, 6.63 x 10747
erg sec.

If this seem. obvious enough now it is because we know Bohr's theory. But it
may 1interest you (o know that when Franck and Hertz did their experiment they
didn't know about Bechir's theory. It had been published some six months earlier,
but they hadn't heard of 1t. They were negligent not to have read about it in the
literature. You know how that happcns. There was an active seminar in Berlin at
the time at which all the latest developments in physics were discussed. But {if
Bohr's theory had been presented there it wouldn't have been taken seriously. In
fact, in a letter to Bohr, Richard Courant once wrote, ".....how glad 1 was when 1
read of the Nobel Prize report in the newspapers. It reminded me vividly of that
beautiful day in Cambridge in 1913 when you set forth your ideas for me in the
quadraugle of Trinity. Thanks to prior suggestion by Harald (Bohr), who had so
often told me wonderful things about his brother, I was at that point immediately
ready to believe that you might be right. But when I then reported of these things
here 1in Gottingen, they laughed at m2 that I should take such fantasies
scriously.” Jlowever, the agreement with Bohr's ideas was so striking that no one
covrld dany thelr correctness. There followed a rapid development in the theory of
atenic spectra and a revolution in the understanding of the nature of the atom,
When we think how much modern man depends on the chemistry, the biology, and the
technology that grew out of the secure knowledge of atomle structure, we begin to
have a measure of the power and the importance of those developments.

Cockcroft and Walton Experiment

While the discovery of the neution was essential to the understanding of the
nucleus, it was the Cockcroft-Walton accelerator and the experiments they did with
it that opened the field of nuclear spectroscopy. Both experiments were done in
1912, Already in 1919, Rutherford had shown that the nucleus could be disintegrated
by alpha particlcs.8 However, his alpha particles were those emitted from naturally
occurring radioactive elements. There were not enough of them to carry out an exten-
sive study of the phenomenon. The advances {n electrlcal technology in the years
following World War T made 1t possihle to contemplate the production of high speed
particles by artificial means. In 1927 Rutherford, as pPresident of yhe Reyal
Soclety, expressed the wish for a supply of "atoms and electrons that have an
individual energy far transcending that of the particles from radioactive bodies.”
T overcome the Coulomb bharrier of the nucleus {1t would be necessary to have par=
ticles accelerated to energles of meveral milllor volty or more. This became the
poal of those who contemplated butlding such muchines.  In fact, by 1932, lawrence
and I,ivinp‘.qt'nn()- 1Oy Berkeley had constructed a cyclotron that accelerated protons
to an enevgy exceeding T mill{on volts.

Some  years carller, Gamow! ! and  also condon and (iurnv:'ly showed  that  wave
mechanfcn explatned how alpha particles could escape Trom the nueleus with an eneryy
far below the Coulomb potential barricer. Vhen Gamow was viwiting the Cavendinh lab-
oratory {n 1928, Cockeroft taquired about the fnverse problem - the energy that
wotlld be requlred for a proton to penctrate the nucleun of a Tght clement.  The
name principle applled and Cockeroft prepaved a memoraundum for Rutherford anhowlng
that there wan a hiph probabtlity for ihe boron nucleus to be penetrated by a proton
of only 300 kilovolts energy.  The condlittons tor Hthium were even more favorable,
Ratherford then agreed that work on this project could bepine  The result was a d.
¢ accelerator based ou tiae voltage doubler princtple capable of developing 600
kilovoltn.d  Ftpure 4V fu a photograph of the Cockeroft=Walton aceelerator showing
John Cockeroft aitting fnatde the amall obacrvattion box In the toreground.



Fig. 3: The Cockcrofic-Walton
accelerator. John Cockcroft is
sitting inside the small ob-
server's box in the foreground.

The disintegration of lithfum by protons was demonstrated by Cockeroft arnd
Walton with an cnergy ot only 12% kilovolts. The apparatus they used {s shown In
Flg. 4. The beam of fast protons was dirccted agatust a lithium target and the al-
pha particles from the reaction p + L1 + O + 0 were detected by the well tried tool
of Rutherford, the zine sulphide screen. They then contiramed the reaction by dem-
anstrating that the alpha particles were emitted in pafrs.  They used a primitive
torm of cofncidence experiment, carrled out wlith two zinc sulphide screens and two
obscervers tapping keys. The resolving time was a second or so, somevhat longer by
a  factor of 10 than the resolving time of modern colrcidence elfrcufts.
Dleintegrations under proton bombardment were geen also for many other elements, nol
only with the zine sulphide sereen, but with other detectors that were available In
the laboratory: the fonlzatlon chamber, lincar amplifter and osctllograph of the
type doserf{bed by Wynn-W{il{ams and Ward, and the Shimlzu expansfon chamber.

The diafntegration of Titktum migat have been ween at Berkeley betore ft had at
Cambridge, but the planntiong of physles exporiments did not parallel the constructlon
of the machines that wern needed to peform theme  Avtifilclal radloactivity and
{inston could atro have bheen didgecovered fivat at Berkeley f the focus and the
traditlon had been more on the phystes than on the machines.  Nevertheless, the
Borke'ey cvelotrons were widely copled and had a profound influence on the devel-
opment ot uwnetear phystes ail over the wor td,

Accelerator deve lopment

Flpure 5 ahown Livinpguton and Lawrence gtanding tnstde the yoke ol the mapnet
tor the ¥/-ta cyclotrans The mapgnet wat one ol a pafr that had been butlt by the
Fedeval Tetepraph Company for a type of radlo tranamltter, the pPoulsen are generaton
made ebiolete by the vacuum tubeo My own {ntroduction to cyclotrons came through
John Re bDunnlup whose asstnvant 1 beeames At Coluabia Untversity he managed to
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Fig. 4: Apparatus for detect-
ing the distintegration of
lithium by protons using a zinc
sulphide screen as detector.
Fig. 2. Coincidence apparatus for p+Li
+ O0+Q using two ZnS screens.
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Fig. 3.

Fige 5 Livingston (left) and Lawrence (right) standing In the yoke of the

magnet tor the 37" cyclotron. It operated fnttially an a 27" cyclotron In
December 1932, and produced 4.8 MeV hydrogen {ons,
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fission of uranium, following the discovery of thet phenomenon at the beginning of
that year. Figure 6 is a photograph of the Columbia cyclotron that shows me carry-
ing out an experiment on the resonant absorption of neutrons by uranium.

Figure 7 reproduces a graph taken from a report prepared by W. K. F.
Panofsky.13 It shows how the energy of accelerators developed over the years.
The particle energy, either electron or proton, as the case might be, increased
tenfold every six years over the 50 year period from 1932 - 1982. For the purposes
of the graph, the energy plotted is the laboratory energy of the particles acceler-
ated. For colliders, an equivalent energy is plotted which is the 1laboratory
energy on a fixed target with the same center of mass energy. The plot shows how,
as each technology bpegan to reach {its 1limit 1in energy, a new higher energy
technology was invented to succeed it.

In 1960, the :ut-off date for this colioquium, the 30 GeV proton synchrotrons
at CERN and Broolthaven were just coming onstream, but the 6 GeV Bevatron at Berkeley
had been in operation for several years. With it came the discovery of the anti-
proton and a number of new strange particles. Many important experiments in par-
ticle physics were performed with the synchrocyclotrons and the synchrotrons of the
50's with the plons, the muons, and the strange particles they produced. By the end
of the decade the physics with these particles was being done almost exclusively

with machines. It was no longer fruitful to look at the cosmic rays to study elemen-
tary particles.

It seems reasonable to suggest as Alvarez has, 1% that modern particle physics
had its start in 1946, during the last days of wcrld War II, when a group of young
Italians, Conversi, Pancini, and Piccioni, while hiding from the Germans, carried
out a remarkable experiment.15 They showed that the "mesotron"” which had been
discovered in 1937 by Neddermeyer and Andersonl6 and by Street and Stevenson,l’/ was
not the particle predicted by Yukawa as the mediator of nuclear forces, but a weakly
interacting particle we now call the muon. The Yukawa particle, now known as the
plon, was discovered the following year vy Occhialini, Powell, and collaborators.
This group from Bristol used a new nuclear emulslon technique developed in collabora-
tfon with Tlford Laboratorles. After exposure to cosmic rays they not only found
the picns but showed them decaying into muons.

. 3 ! ‘ odray 2’
Fltg. 6: The 37" cyclotron butlt by J. Re Dunning at Columbla Universicy.
A bombardment of urantum by neutrons {¢ belng carrvled out by H. 1.
Anderson.  ‘The yeor s 1919,
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While this was going on Iin Europe and England, two new Ereat accelerators were
being built in Ernest lawrence's laboratory in Berkeley.1 Both were based on
the principle of phase stabllity as developed by MeMillan and independently by
Veksler, toward the cnd of the war. Lawrence's 184~in synchrocyclotron was capable
of accelerating protons co an energy of 350 MeV. McMillan's electron sychrotron
could reach 330 MeV. The synchrocyclotron delivered its first beam just before
midnight, November 1, 1946. Although pions were heing copiously produced, atLempts
to find them failed for lack of the proper emulsion technique. They were found
almost immediately after lattes arrived from Brilstol with the technlique and the
proper Ilford emulsions. lattes was the young Brazilian who, working with
Occhialini and Powell at RBristol, was the firat to find pions in the cosmic rays.

Now he found them produced artifically in a machine. Fipure 8 ghows Cesare Lattes
and Fugene Gardner preparing an emulsion exposure at the synchrocyclotron.

Thls success wny soon followed by the {important discovery of the neutral member
of the plon family by Bjorklund, Grandall, Moycr, and Yorkl9 it the 184-1n machine.
They obtained a Doppler-shifted gamma ray spectrum that cc 1ld only be interpreted
a8 arlsing from the decay of the T° {nto two gamma rays. This {nterpretation was
confirmed soon thurcafter by a more elegant experiment carried out at the 330 MeV
synchrotron by Steinberger, Panofsky, and Steller.20 They detected directly the
coincidence in the enisslon of the two pamma rays Into which the T° was expected to
disintegrate. Quite independently, the T° wvas detected In cosmic vays at Bristol by
Ekspong, Hopper, ond King21 who observed the two photon decay in emulslon and
measured the lifetime as being less than 5 x 107" u.



Fig. 8: Cesare lattes and Eugene Gardner preparing an exposure of
emulsions to pions in the Berkeley 184-inch synchrocyclotron.

When the cross sections for the photogroduction on hydrgen of T° were compared
with those that had been made for ﬂ+,22’2 they were found to be about equal.
Moreover, the angular distribution apperared to be {isotropic in both cases. This
seemed difficult to reconcile with any oi the theories being discussed at the time.
The first sug estion that the anomalous behavior in photoproduction might be due to
the existence of a nucleon isobar was made by Fujimoto and Miyazawaz4 and also by
Brueckner and Case.< The argument did not become convincing until after the discov-
ery of the resonance in the pion-proton scattering. It then became possible for
Brueckner and Watson?® to put the photoproduction results on a firmer footing.

Many important experiments were done with accelerators during the 50's. Amonpg
them, I want to mention the beautiful experiments of Hofstadter2/ using the elec-
tron linac at Stanford. They _ave quantitative evidence for the I[inite size of the

proton and a glimmer of the tiny world within and the 4th spectroscopy that has pre-
occupled us since.

Synchrocyclotron at Chicago

Instad of reviewing these developments more completely, I thought it might be
more interesting to tell about the third experiment in some detail. This was the
experiment in which the plon-proton resonance appeared unexpectedly in a striking
way. The work began in 1951, soon after the construction of the synchrocyclotron
was completed at Chicago.28 This machine was designed to accelerate protons to 450
MeV, 100 MeV morc than its predecessor at Berkeley, so that the intensity and energy
of the plon beams 1t could produce wouid be substantially greater. During the
constrvction of the machine, I kept Fermi closely coupled to all the developments.
it was understood that once the machine was completed, we would resume our work
together. When the time came we organized a small group, ilicluding some graduate
students, and began a series of measurements on pion scattering. John Marshall, who
helped design and build the machine formed his own group. Other members of the
Institute for Nuclear Studles also formed groups and used ihe machine according to a

schedule that was worked out each week. Figure 9 is a photograph showing Enrico
Fermf{, myself, and John Marshall, at the cyclotron.
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Fig. 9: Enrico Fermi, Herbert Anderson, and John Marshall at the

Chicago synchrocyclotron.

Fig. 10: The "Fermi trolley”, a movable target for the proton beam inside

the cjgiotron capable of obtaining the beam intensity frnm temperature
difference measurements.
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When I looked among my collection of notebooks for the ones of that period, I
found somewhat to my suprise, that in some sections the entries were almost entirely

in Fermi's hand. It 1s possible to catch the excitement of discovery in those
pages. They also gave an interesting glimpse of Fermi as an experimenter.

Fermi Trolley

Before using the cyclotron, Fermi wanted to add his contribution to its
coustruction. He offered to take care of the target arrangements. One weekend, he
went into the shop and built the trolley car shown in the photegraph of Fig. 10. It
was an ingenious device and became so useful it remained in operation for many
years. Mounted on the edge of the magnet pole inside the vacuum, the trolley car
could be moved around by manipulating a set of switches outside the vacuum chamber.
Each pair of wheels was on an axle to which was attached a magnet coil. The coils
were set at 90° to one another. Sending current through the coil in the horizontal
position with the cyclotron magnet on would turn it to the upright position. This
rotated the wheels through 90° and brought the sgecond coil to the horizontal
position. By sending current through the second coil, the wheels would rotate by an
additional 90°. Switching the current from one coil to the other would send the car
around the pole in one direction. Reversing the current moved the car in the op-
posite direction. A third coil was used to raise or lower the target in or out of
the beam.

The general scheme was to provide negative and positive pion beams at various
energies as shown in Fig. 11. Fermi calculated the trajectories from a map of the
cyclotron magnetic field and slots were cut in the steel shield that separated the
cyclotron from the experimental room according to his prescriptions. Tne negative
pions emitted in the forward direction came out of the cyclotron through a thin

window in the vacuum chamber. Positive pions came out if they were emitted in the
tackward direction. The positive pion beams were of lower intensity but they came
out readily when the magnetic field of the cyclotron was reversed.

On the other side of the shield, in the experimental area, a deflecting magnet
was set up. It could be moved into position at any one of the slots and was uscd to
make the final selection of pion energy. By requiring an extra bend, backgrounds
from other particles coming through the slot, especially neutrons and gamma rays,
were greatly reduced.

0 STEEL
SHILLDING

450 MLy \
PROTON BEAM \
-

e~

\
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N MLSON NAGNCT

SCINTILLATION
.1 COUNTIRS

\
\

"\

ABSORBIN . __
Pe FILT(A om0~

Fig. 11: Plon beams at the Chicagc synchrocyclotron. Slote were cut in the
steel shielding to accept pions from the target with different encrgies.

The final energy selection was done with a dipole magnet on the experi-
mental area side of the shield.
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Fig. 12: Cyclotron behind its steel shield. The slot pattern cut

Tn steel plates for the pion beams is seen in the foreground. The

thin windows through which the pions emerged are central in the photo-
graph. A long window to the right, a short window in the center. Both
windows have their protective cover in place. Above and below the
central wirdow are the connection tarminals for the "trclley car™ and
lucit2 windcws to observe its positicn.

Figure 12 1s 8 photograph of the cyclotron behind its steel shield showing the
slots in the shieid. The thin window for the pions is behind its protective shield
in the long port cover to the right. There ir also a thin window behind a protec-
tive shield in the smaller port cover in the center of the photogruph. There are
lucite windows above and below for viewing the trolley inside. The connectiosn ter-

minals for the trolley are mounted on these windows. Thn battery for energizing the
coils may be seen below the pori.

The trolley car was moved to maximize the pion hoan Intensity. Tt was also used
to monitor and measure thc plon beam intensity In an absolute way. This was done by
measuring the teuperature of the target and determining the encrpy deposited by the
proton beam from a knowledge of thie heat flow characteristics of the target mount.
Scme of the calculations that Fermi made for this purposc are reproduced here. A
sketch ¢f the trolley design is shown in Fig. 13. This showe rhe location of the
thermocouple hot junction ut th: target, and its cold junctlon at tihe heat slnk.
Details of the heat flow calculations are given In Figs. 14 and 15. These arce {rom
pages of one of Ferml's notebooks, dated May 25 and 28, 195l. The relaxation c¢lme
of the cylinderical heat gink 1s cnlculated on page 44, the response of the target
per microampere of beam cu.rent {8 glven on page 45.

Detectors

When the new high energy machines, the aynchrocyclotrons and the wynchrotrons
of the post war period, came into operatlon there was an urpent need for detectors
better adapted to them. The sweintillation counter arrived on the geene Just o time.
They diffored from the ZnS screen of the Rutherford era by belug tranaparent to
their own radiation. Hence, they were usable tn thicknesses great ecnoupgh to he
sensitive to minimum fonfztng particles, c¢ven gamma rays. They were made ol orpanfe
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materials, originally napthalene crystals, and when connected optically to a photo-
mulitplier tube they provided a pulse output of very short duration, well suited to

high speed electronic counting and coinciderce circuitry. The scintillator, only a
few millimeters thick, could be shaped to cover a large and precisely defined

ared. With all these desireable properties, the scintillation counter became an
instant success. The man who discovered the organic scintillation counter was
Hartmut Kallmann A short report of his work appeared in the July 1947 issue of
“Natur und Technik".29,30 4 complete report of Kallmann's research recached MIT,
and in October Martin Deutsch made it available, in translation, to the American
sclentific community.?l He also published a short note in the March 1948 issue
of "Nucleonics".32,33 Kallmann came to New York University 1in 1949 and soon
thereafter reported his development of liquid scintillation counters,34 extending
greatly the usefulness of this technique. The Na(Tl) high Z inorganic sciutillator
that became _so important in gamma ray spectroscopy, was discovered by
Hofstadter,35b who took inspiration from the report of Kallmann's success with
low Z organic materials.

Pion Scattering

The scintillation counter was just what we needed for the measurement of the
plon-proton cross sections. The first results were reported at the (nternationsal
Conference on Nuclear Physlcs and the Physics of Fundamental Particles, held at the
University of Chicago, September 17 to 22, 1951.37 The Conference was organized, In
part, to celebrate the successful completion of the Chicago synchrocyclotron. The
work had been dcne by Fermi, Nagle, Long, Martin, and Yodh, besides myself, but T
presented the report. The arrangement shown In Fig. 16 used two 1 inch square scin-
tillation crystals (terphenyl) to measure the incoming pions. The target was liquid
hydrogen, behind which were placed two larger liquid scintillator counters to meas-
ure the number of pions remaining !n the beam after traversing the hydrogea. The
transmission is obtailned by measuring the ratio of the quadruple to double coinci-
dences  with and without hydrogen in the target,

T = (Q/D)y/(Q/DINoy -
This 1s simply related to the total cross=sedtion U fn cm? through the relation,
T w oxp (~0x)

where x 18 the number of nuclel per em? In the target.  For accurate values, corrvec-
tions have ty be applied for backgrounds, purity of the beam, and other effectn.  §ix
values of the cross-section were reported for 17, one for . The 7 crows-sect fons
shown In Flg. 17, roue steeply with encerpy, exceeding the geometric value ~t 170 MoV
and dropping slightly at 217 Meve  The mt cross-gectlon, measured at 50 MoV was 4
times larger than the value for #7 at the same energy.  However, the experlmental
crror was quite large for the 1t value, making the true ratio uncertain.

Liquiad Scintillgfon

'4

' seints ] [
IL_ ]‘/H” - ;f_zfioj;r' AH L A i ,'{7(,;0/ iy |
. 4 | e 7 //z " )
R S =70

B SC S I

Fipe 1o Arranpgement tor measuving total eroun geetfons ol plons on
Hagufd hydrogen at Chicapo.
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Fig. 17: FEarly results on total cross asections for T~ on liquid
hydrogen.

Following the Conference, we went back to work determined to do everything much
more carefully, especially the more difficult T+ mecasvrements.

Pion Beam Energy

In my notebooks of this period there were yeveral {n which Fermi had affixed hia
name. The title pnge of one of these 13 ghown in Fig. 18. The first pages of this
notdbook, dated Sceptember 29, 1951, show how Fermi calibrated the deflecting magnet
to mcasure the pion momentum. He used the stretched wire method. A current carry-
ing wire held under tension In a magnetic field will follow the same trajectory am
a charged particle with a momeuntun that may be deduced from the ratio of the
tenslon to the current. Fermi measured how the trajectory shifted with wire
currents  The measure ‘ents bhegin on page 1 (Fig. 19), continuing on pape ? (Fig.
2. On pape 3 (Fige 21), the scale ubed in mensuring the tenslon (s caltbrated.
On page & (Flp. 22), a formula I8 pglven that relates the momentum to the welpht and
current.  The cemlt ¢ the caltbration s given for different target ponftions and

for different mapne! currents. The momentum 18 glven as N In units of mye,
the redat mass of the plon times the velocity of light.

Flgure 27 shows a denfpgn ot the Tiguld nceintfilation counter.  This particular
one came later and was uded Lo meanure the fnecoming plons In the angular distribu-
tion meagurem:ntd. We used o preseription from Yaltmann?% for the Hiqulide Filgure
24 1o n photograph that shown me wetting up the counters fn the plon beam beyond the
boending magnet seen In the background.  Flgure 2% ahows Darraph Napgle working on the
hydrogen target .

Returning agnin to the notebook, we show page 18, dated October 5, 194%1 {fn g,
276 Here we wee how Formd made a caretul tally of all the matertal {n the bheam to
take aceount of the energy lows in eeoche Thin ta continued on page 19 (Flp. 27),
that plven the el fect of multiple weattering.  On page 27 (Fip. 28), we ghow an
abusorption curve In alumlinum taken by Fermi In o tent for proton extractlion In the
122 17 channel with all currenta roverned.  From the locatioa at whteh bhe get the
target , Ferml expected the proton energy to be 120 Mev and thin win pretiy elone to
what he found,

I show thene sampled ol hin work to emphantze how clonely rermt partictipated n
the experfmentns It wann't that he felt he had to do 1t himael! to be sure {t wan
done right, but that he onjoyed making measursments ge wmuch thint the rest of uu
alwayn ntood asfde to let him do It
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Fig. 25: Darragh Nagle working on the hydrogen target.

Cross-Section Measurements

A typical geometry for a transmission measurement is sketched, in Fermi's hand
on page 16, of the notebook (Fig. 29). The date from the preceding page (not shown)
was October 3, 1951. Counters 1 and 2 were 1 in? terphenyl crystals. Countrrs 3
and 4 were liquid scintillation counters. The liquid hydrogen target, 7 1/2 inches
long, was inside a 10.6-inch long container and set in the space Letween counters 2
and 4, closer to counter 4. The basic measurement is the ratio of quadruple to
double coincidences, with and without hydrogen. Gold foils were inserted when the
hydrogen was removed to keep the multiple scattering of the beam the game. The
liquid hydrcgen was removed by pressur~, its container remained in place. The 3/16-
inch Pb sheet prevented proton recoils from reaching counter 3. A summary of the
measurements taken with Martin "slow” circuits and not recorded in this notebook 1is
given. The ratio of (Q/D) taken without and with hydgogen 1s 1.0392 + .0017, and

the corresponding cross-section U = (47 + 2) x 10747 cm?.

The measurement was repeated as recorded on the next page (Fig. 30) using

"Slattery fast circults." The ratio, inverse of the transmission, was 1.0464 +
.0033 and thezcross~section calculated from 0 = ln?/x with x = 8.15 x 10** hydroge..
nuclei per cm” 18 given as 0 = (56 + 4) x 10 cm”.  There were tewer accidentals

with the Slattery circuite than with the Martin circuits. These measurements werc
done with m° at 137 MeV. It is important to note that the effect was only 4% even
though the cross-section was quite large, close to the geometric value.

Figure 31 shows page 24 of the notebook on which Fermi analyzed the data from a
meagsurement of 175 MeV T~ on H, taken October 16, 1951, Background correctlons are
fncluded explicitly, but none of EQ? otyers. Araln, the effect 18 4.4% and the
crogs—section 0 = (54.1 + 3.9) x 10 c¢m”, about the same as at 137 MeV, so the
crogs—-sections were leveling off.
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Cross Section for 1t

The Tt measurements are given in another notebook that Fermi labeled Vol 1V,
December. 15, 1951--. The back page of this notebook has an index, written in
Fermi's hand that is reproduced in Fig. 32. The portions that I want to present
here are the 122 MeV Tt measurements on liquid hydrogen, pages 32 to 36, and the 145
MeV Tt measurements, also on hydrogen, pages 49 to 53. The arrangement was sketched
by Fermi on page 32 on December. 21, 1951 (Fig. 33). In this case aluminum was used
to compensate for the effect of multiple scattering in the liquid hydrogen and a
calculation of the proper position for the hydrogen target i{s shown. Fermi noted
the photomultiplier high voltage settings and the cable len,ths. The measurements
begin on page 33 (Fig. 34) and continue through page 35 (Figs. 35,36). The sequence
1s ABBA: Hyp,HoutsHyutsHins repeated three times. The first measurement started at
11:38 AM. At 12:38 the handwriting changes from Fermi's to mine. At 13:40 it'sg

Fermi's handwriting again until the end of the measurement at 15:16. It was clear
from the first sequeuce of four measurements that something unusual was going on.

There was a 7% effect and this was so much greater than anything we had seen bhefore
that it left Ferml shaking his head in wonder. The T~ values had been lurge, but
they had leveled off close to the geometrical value. Here we were finding a nt
cross-section that was substantially larger stil.. According to my recollection I
had received, on that day, a preprint from Keith Brueckner Iin which he showed that
the T*/1° ratio could be explained in terms of a nucleon isobar with spin 3/2 and
isotopic spin 3/2. Ferm! expressed skepticism at first. It seemed like a wild
guess. But I could read from the graphs that Brueckner was predicting a cross-
section of 88 mb. Our value was coming out vo be 83 mb. It was pretty close, and
the agreement would he even better after corrections. At this point Fermi reached
for the paper and asked to be excused. He returned a short time later with a broad
grin on his face. He announced, with evident satisfaction, that the cross-sections

Locolen

2 M o (D)= o (H) I~ 2
112 nt o2(H) 32- 3¢
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Fig. 12 Index to one ol Fermi'n notehookn.
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would be in the ratio 9:2:1 for the reactions in which the final states were T+, 7°,
and T, respectively. The isotopic spin 3/2 interaction was very strong.

To see how firmly Ferml had taken hold of the idea that this might be a
resonance, I looked up the notebooks he used when he worked in his office. These
show that on December 24, 1951, he had written on page 91 (Fig. 37) the charge
states corresponding to total isotopic spin 3/2 and 1/2 using the appropriate
Clebsch-Gordon coefficients. On the next page (Fig. 38) he wrote the wave function
of the incident plane wave for scattering due to a virtual pmt state. On page 93
(Fig. 39) is a derivation of the cross section, in the Breit-Wigner form, for scatter-
ing from such a resonant state. The next page, 94 (Fig. 4N), is dated December 25,
1951, Fermi had written the expressions that take into account both the 1isotopic
spin and the ordinary spin. The next page, 95 (Fig. 4l) carries the heading, "Assum-
ing scattering due to a single level resonance of a state I = 3/2, J = 3/2." On
this page the phase shift is introduced and the theory is developed further on the
next (Fig.42) and succeeding pages (not shown) to include the T P scattering.
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o T :D.u. -2 lf-_J9 5‘1-.,___'

TIIXII211R 11T

(o7 ‘ o . o N
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Fig. 37: Plon-proton states for fsotopfc spin 3/2 and 1/2
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The entrles in the notebook were {interrupted after December 26, 1951 until
January 1, 1952 because on December 27, we had a new run on the cyclotron and we scet
up to do the 1+ geattering at the next and highest energy, 145 MeV. These were
recorded fn the lab notebook starting on page 49 (Fige 473) that shows the geometry
used.  The measurements of transmisstfon ave glven on papes 50, 51, and 52 (I'{pgs.
40, 45, and A6, respectively). We now had an unprecedented 114 effect and a c¢ross
seetfon that continued to rise tn accordance with Brucckner's predictions.  After
corrections, the cross section at 136 - 6 MeV turned out to he (152 + 14) x 1o-27
vm?, about 3 times the geometrle valueo The cross gseoctlon was as large as Lt could
be; Fortuvne was smiling at us.

ALl the values of the total eross secvion for 1 and 17 In hydrogen were published
in a serfes of Letters to the Fditor of the Physical Review In the March 1, 1952
{ gyue,.’8,39,40 They are shown on a plot on the single page on which the positive
plon results were reported.  The values {neluded the corrections for accidentals,

v aveseanas by [ TS PR t. Fidta R R N PTG TR OO I - 1 Y
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Fig. 39: Breft-Wigner formula for a virtual resonant stato.

proton recoil. The plot also included the measurements made at Brookhaven and
Columbia. The page is reproduced in Fig. 47.

A key statement in this paper is the one that reads, "We mipht point out in this
connection that the experfmental results obtained to date are also compatible with
the more general assumption that 1in the energy interval fn questlon the domfnant
interaction responsible for the scattering is through one or more intermediate
states of {sotopic spin 3/2, regardless of spln. On this assumption, once finds that
the ratio tor the three processes should be (9:2:1), a set of values that Iy compat-
fble with the experimental observations. It 1s more difffcult, at present to say
anything specific as to the nature of the intermediato state or states.  1f there
werc one state of spin 3/2, the angular distributfon for all tlrec processes should
be of the type 1 + 3 cos 20, 1f the dominant effect were due to a state of spin 1/2,
the angular distribution should be isotopic. If a state of higher spin or a mixture
of several spin states were involved, more complicated anpular distribution would bo
expected.” It turned out that Brueckner had made the correct cholee and f{t was the
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Fig. 40: Expressions In which both {sotoplc spin and ordinary
spln are {ncluded.

state with spin 3/2, now known as the 633, that was dominant. Illowever, demonstra-
tlon that this was the casce requlred measuremeats of the angular distribution and
thefr analysis by the phase shift method. We quickly learned about Clebsch=-Gordnn
coefflcients and phase shift analysts, and set about doilng the measurements of
anpgular distributfon, forthwiih.

Figure 48, taken from the preprint Brueckner had sent me, shovs  the it he
obtatned for the T cross gections. Before his paper appeared In print, Brucckner
added the it to the 1 cross sections we had reported at the Rochester Conference
on Meson Physles, held in Chicago, January 11 to 12, 1952. The overall fit shown In
Fig. 49 was romarkably pood. The trend of the experfmental data favored the 3:1
ratto cexpected for a pure {sotopic gpfu {nteraction cven more closely than In
Brucckner's calculations.
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Fig. 41: Scattering from a single level resonance of a state
I =372, J=3/2, % 1.

Phase Shift Calculations

We carried out 8o many angular distribution measurementy fn the next six months

that Fermi begnn to thin that the phase shift proﬂvm might hest be handled with a
computer. We had already publ)shed a sghort report! pliving the phase ahifts we

had calculated hy haud. A more complete report wuas published the following

year.,42 During this perlod, Foerm! liked to spend the sumwer o Los Alamos. Thin
time, {n the Summer of 1952 he could have an electronde computer at his disponal.
The computer was the MANTIAC, buflt at los Alamos hy Nicholas Metropolis, a «¢lose
friend, who stood ready to gulde hls offorts. 1t was typlcal of Forml to learn how
the conputer worked {u sufficfent detall to be able to operate ft himuelf. Many of
Formia' notes and Jetters of this perfod have been preserved by Metrvopolis, to whom
I'm {ndebted for the ones 1 show you now.

Fipure 50 I8 a sample page from ¥Ferml's Los Alamos otes. 1t ip a description
of a program he had desipnated A=7-2-%, having to do with fiteing the data and tind-
fnp the coctffcefents and cross sections for the anpular digtreibut fon measurement 8.
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Flge. 427 Seattering of 17 as well as nt,

Flgure 51 refers to the operatlon of this codes  Figure 52 diuplays the phase ahitit
formulas adapted tor computer caleulatfon, Fipe 53 1a a flow diagram drawn by Fermi.
Fipure %4 ts o gample of a program he wrote.

1t became a otratghtforward matter to find the phase ahittg that pave a good {11t
to the datn with an electronte computer Like the MANTAC. It took ouly flve minutey
once the program was In places The trouble was that the computer found neveral netn

of phase ghiftu. The phase nhifts showed a planstble bebavior at low enerpglens  How-

ever, as these were followed to higher energfes, among the set ol phase shiftu that
seemed to fit the data best, the phane ahitt oy, corresponding to the 1 = /2,

/2 atate reached a maxfmum and turned down apatn without poing through 90",  Thin
wat unexpected and fodieated the need for further worke  Fermi's reactlon In nhown
In a letter to Metropolta, dated Aprtl 9, 195%% (Fige %5) e The problem wan that the
computer, gliven the freedom to manipulate gix phase ghittn without reutraint, wan
able to tind combiunaifons that pave pood fits to the data but with a non=renonant
WaqeIn the meauwhile, Hans Bethe, also a regular gummer vinltor to Lon Alamon,
tuterented  himuelt tn the problem and, worklng with dellottman, Metropolln,
Alethd ) added plausible phyrleal conntrafutu that led the MANTAC to o solution

and
hatt
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Total Cross Sections of Positive Pions
in Hydrogen*

H. L. ANbFrsoN, B

Frrmr, 190 AL

vl Y Naor

Lot

Tustitute for Nuclear Siudiet, Unversaty of Chscagn,
Chicago, Hitnois

{Received January 21, 1982)

N a previous letter,! measurements of the rotal vross sections of
negative pions in hydrogen were reported, In the present letter,
we report on similar experiments with positive plons,

The cxperimental method and the equipment used in this
measurement was essentially the same as that used in the case of
negative pions. The main difference was in the intensity, which for
the positives was much less than for the negatives, the more so
the higher the energy. This is due to the fact that the positive
pions which escape out of the fringing ficld of the cyclotron
magnet are those which are emitted in the hackw.rd direction
with respect to the proton beam, wheraas the negative pions are
those emitted in the forward direction, The dificulty of the low
intensay was in part eompensated by the fact that the cross see
tion for positive pions turned out to he appreciably farger than
for negative pions, The resehts obtained thus far are summarized
in Table 1.

In Fig. 1 the total cross sections of positive and negative pions
are collected, T is guite apparent that the cross section of the
positive particles is much larger than that of the vegative par-
ticles, at least in the energy range from 80 to 150 Moy,

o ahis detter and in the two preceding onest? the three
processess (L seattering of positive pions, (2 scattering of nega
tive pions with exchange of chagte, and G scattering of negative
pions without exchange of chagre have heeninvestigated, Tt
appeats that over arather wide range of envieies, from about
KO to P30 Moy, the o section for process (D s the Lanpeest,
for provess i intermediateand for process G s the siallest
Iutthermore, the crocs sections of hoth |\H'«ili\ eand nepative Pions
icrease tather tapidv with the encgny W hether the cross sections
level olt at w higeh value o o trough aomaximum s mgeht e
expected if there should Leacrescnanee, i imposible to determine
from one present expetimental evidence,

Broeckner' has recently pointed ont that the existence of

e

-

(]

'(.\.\' e ! .

(% -
|
e en . W e b ! )
W LY (LT s ey
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Fig. 47: Letter to the Nditor on the

Tasre Lo Potal cross sections of positive gnons i hydrogen,

Cross section
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Fnergy (Mev)
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broad resonance fevel with spin 3 2 and isotopic spin 3 2 would
give an approximate understanding of the ratios of the cross
soetions for the three processes tHh oD and (30 We might poinit
out in this connection that the experimental results ohtained to
sdate are also compatible with the more general assumption that
the energy interval in guestion the dominant interactiom re.
sponsible for the scattering is through one or more intermediate
states of isotopic <pin 3.0, repardless of the spin. On this assump
tion, one finds that the ratio of the cross sections for the three
processes shoukd be (9: 201y, a0 set of vadues which is compatible
with the experimental obisersations Tois more dithicult, at present,
to sy ans thing specifie as 0 the nature of the intermediate state
or states. T there were one state of spin 20 the angular distribu.
tion for all three processes should be of the type o dcos® Ty
the dominant eflect were due To o stade of spin 12, the angula
distribution shoubd lee isotropic, T states of higghet spin or a mis
tute of several stiates were involved, mote complicated angalag
distubitions wonld be expected. We imtend 1o explore furthe
the wgular dtribution inan attempt o decide among the
vanions possihilites

Hesides the angalae detyibution, another impeottant Tactor s
the energy dependenee, Here the theoretical eapectation ix that,
if there is anly one daminant intermedinte state of <pin 32l
isotapic spin 320 the total croe section of negative pions should
at all pointahe dewcthan (8 30aA Apparenth, the expatimental
cross section abose 180 Moy is Lger than this limit, whehoindi
cales that ather states contribute appreciably at these encrgies,
Natutadhv afa single state were dominant, one condd expect thai
the croxscaections wonbd po theouph womeanem ot an encegy not
far from the enerey of the shvte involved Unfortunately, we have
not been able topede one meacanrerments tooaathoienthe high ene
pive to check on thin point

Al very dnteresting e hehanv o of e crosc sections al
Fleoe the [RITREEY l|l‘|il‘|ll|'|ll!' '-l\nll‘ll L aprond
natel propartional to Ui dth power of the veloaty if anh
of =pm 12 and 82 e even panty aee involved o an the paon
i prsevdoscalar Phe expermmentyd oleeroations in this and othes
Thotatones seem ta be commatibde sath this assamp-tion, bat the
Croseoec Lot 1l Tosy enerpey ool that o preoise measiatenent
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THE UNIVERSITY OF CHICAGO

CHNICAGO 37 - IL1LINOILS

INSTITUTE FOKR NUCLEAR STUDIRS

April 9, 1553

Dr. Nicholes Metropolis

Los Alsmos Scientific Laboratory
P.0. Box 1663

Los Alamos, New Mexico

Dear Nick:

Thank you for sending the results of the calculation. They are quite
interesting in that they show an energy dependence of the phase shifts
rather different from the one that had been anticipated hy most. In
particular, the results do not show any evidence for a resonance in
the state 33. A resonance should be indicated by the fact that the
corresponding phase shift crosser 900, As you may have notioed, this
is not at all the cars. In fa:t, it appears that the phase shift in
question reaches a maximum of about 500, and then begins to decrease.
The caloulation seems to be correct in the general lines.

I have been somewhat puszled by the fact that you noticed that for
wsome energies the cross sections are not obtaimd quite accurately,
but show some errors of a few per cent. You may remsmber that we had
had this trouble in other problems, and I am still somewhat uncertain
as to what is the reason for it, In any case the cross sections are
kmown with sn accuracy worse than a few per cent, so that we should
not worry about a discrepancy of this order of magnitude.

In the attached shests you will find the program for a new calculation
ori the same experimentsl material, The new calculation differs from
the old ons only because the mmoothing out of the experimental dats has
been done differently. T would like to ses how much the results that
were obtained on the previous calculation depend on the way the ad-
Justing is made.
Thank you again for your help.

] rely yours,

Enrico i'ermi

EFfiv1

thelir phase shitt

-53-
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up the problem as well. Using graphical methods and simplifying assumptions about
the behavior of the "small” phase shifts, they -vere able to demonstrate that good
fits were obtained with a resonance behavior for @®33. Fermi's comment about this
work is in a letter to Metropolis dated Decenber 22, 1953 and reproduced in Fig. 56.

fermi didn't live to gee how the whole matter was resolved. He died a year
later. 1 like to think that the question of the 3/2, 3/2 resonance was clearly and
firmly settled in a paper by U. E. Kruse, W. C. Davidon and myselfl‘s’46 where we
showed that the dispersior relations were satisfied by the resonance solution and
not by the others. As new accelerators came into operation and higher energiles
became available, the pion-proton scattering measurements and the search for higher
resonances became almost an industry. Figure &7 shows a plot of the Tt total cross
section showing the low energy portion of the data collected up to 1970.47 The 3/2,
3/2 resonance stands out In a striking way. No wonder it would have been hard to
miss. Figure 58 is a plot of both the T+ and the T~ total cross sections on which
is indicated all the nucleon isobars that had been fou 4 by phase shift analysis.48
The I = 3/2 resonances are the & isobars, the I = /2 resonances that include neu-
tron proton as the lowest (bound) states, are designated N. Note that because of the
way Interferences can plan tricks, not all the resonances are assoclated with a
bump of the curve.

Strange Particles

While there could be some doubt about whether the A33 resonance had been estab-
lished, there was no dotbt that isotopic spin was an important aspect of the strong
intcraction. The 9:2:1 ratio had not been expected but when it showed up so dramat-
ically in the Tp scattering, "t made everyone take notice. In view of this, it is
suprising that the leading tuvorists of the time, Fermi included, were so slow to
recognize that isotopic spin was the key to the puzzle of the strange particles, the
ma jor mystery of the period. The connection was made by two young theorists for whom
it became a stepping stone to the fame and fortune they later came to enjoy. The
filrst of these was Murray Gell-Mann, who will speak on this =ubject himself later in
this Conference. The second was Kazuhiko Nishijima. Murray Gell-Mann was at Chica-
o at the time we were doing these experiments. He was the youngest member of our
faculty. T like to think that the {importance of {sotoplc spin, as {t ecmerged from
our experiments made a deep Impression on him. The problem was to explafn an appar-
ent violation of the principle of detalled balance; how ft happened that a strange
particle could be made stronply, with high croes section, In a collision of a plon
and a proton, and subsequently decay fnto a plon and a proton, bhut weakly, with a
relatively long lifetime.

Both Gell-Mann®9 and Nakano and Nighljimnso showed that by assigning half -
{ntepgral {sotopic apin to the strange K mesons and integral Lsotopic apin to the
strange baryons, A° or 4, the decay of these particles via the strong interaction
wuld be forbldden If, {n this Interaction, the lsotopie spln were conserved,  The
decay would then proceed via the weak fateractfon o which the fsotopie spln was not
conserved.  Nakano and Nishi}ima {ntroduced a new gquantum number, later given the
name "strangeness” by Gell-Mann, § =~ B - 2(Q -~ 14), where B Is the baryon number,
the charge, and T4 the third component of the fsotople spin.  Stranpeness would he
conserved {n the strong interaction.

Not much note wae taken of these fdeas untfl 19%%,. At thot time there was an
Internntional conference held fn Flaa to celebrate the 100th anntversary of 11
Nuovo Clmento” .l 1 remember the contorence vividly because 1 owas there and It made
a preat {mpressfon on me.

Thisw was a conference on elementarvy partfceles, but  {t wis devotoed,  almost
entirely to the heavy unstable particeles that were betng found (o the coumle rayu.
In parttcular, there was a comprehensfve report on the mesons by Amald who pre- '
sented a compllation of every U event that had been found, efther fn emulsions or
fn cloud chambers.  Most of the cveats had been found by commle ray proups workng



THE UNIVERSITY OF CHICAGO

CNICAGO 37 . 11LINOIS
INSTITUTE POR NUCLEAR STUDIES
December 22, 1953

Dr. Nicholas Metropolias

Los Alamos Scientific Laboratory
P.0, Box 1663

Los Alamcs, New Mexdico

Dear Nick

Thank you for your letter of December l6th with the latest news. I
believe that the plan you outline iy very senaible and I hope very
much Lo hear the results. There have been, meanwhile, a numher of
calculations made by various people on the phase shift problems and
I may give you the following set of data that have been obtained by
Martin by using a graphical method and t}y assumption that @& and
) are both equal to zero. On thes, asuumptions he claims that a
solution that fits as far as they arv known, both the positive and
negative data im the followingt

Mov aa; an
80 e [¢]
hLar8 20 0
125 32 2
150 L7 5
177 12 10
190 90.5 U
205 117 L8
03 - -101

a - 10°, independent of energy.

Another attempt to fit the data with a set of phase shifta haa heen

made here by U, Glickaman, He makes even more drastic assumptions,

nanely, that of the p-phase shifts, only 013 is different from 0.
.}

On these assumptions, he obtains a reasonabla fit with the following
phase shifte.

Wev % ! a33

120 -1 9 2

vy -11 n 0

169 -15 10 65 .
19 -9 0

217 23 4 100

All this tends to conlirm that there are many acceptahle solutions in the
high energy region an! the ultimate result probably w11l be that no
decision is posalbls unloean the experimental accuracy of the data ia
conalderadbly improved.

Tiwre is another reanon for worry at very low snergy. This ia due Lo the
fact that the Steinberger data tha! have recently been analyrad by you
Rive what serma to me an axcesalvily high value for & 3. TII thin wers the
u1ly wridence for this bhehavior, T would be fnclined to attribute it to
sxperimental errors On the othar hand, there seemns to ha aame supporting
evidence in data from Rochester and Columbia that meen Lo indicate that at
vary low enargy the cross section for elaatic scattering of pepative plons
{n much higher than T had anticipatad, The situation is at11) very cime-
funed and probably nothing much can usefully be done abhor i it until the
exjeric ntal situation in aanawhat clearer,

1 hope very much to ase you next January and of the two dates that you
mcgent, T would prafer Jartuary 22nd, becaune we have a number of mestings

o January 21st,
8ty rrely yourn,
/ZA/‘MM

Kordco Fermd

With hent maanon'n greatinga,

jANR 43
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of Amertcans working with the new accelerators fn Brookhaven and in Berkeley. Accel-
erators were taking over In elementary particle physics {n ecarnests What a palns-
tabdng eftfort 1t was to collect the data on the new particles. Analdi's rollection
had about 100 cvents obtatzed trom a large number of contributors.  There were many
reports of expertmental findings fnelading one by ¢, Fo Powell who emphastzed that
the mass assignments of 1.',, Kt X', an, K’fj were e losely the samed There were many
heavy unstable particles. It was hard covugh t v tdentify which particle had been
Ffounde Tt was harder st1ll to determine thelr rele fon to one anothers 1t was ditf{-
cult to follow what was pgolng on and an paper atter paper was presented  the
confusfon grewe  Included fn the conference was a theory sesston at which many of
the  lumfvarfes of theoretieal phystes wspoke, bat  they dfd not  gpeak about ot he
problem of  the stranpe particles. Wigner spoke on "Relattviantle  Invartfance {n
Quantum Mechanies™, Hefsenbery on "HUIbert Space 1D and the Ghost States ol Paull
and Kalten”.o Panll apoke on “"Remarks on Problems Connectod with the Normaltsat fon
of Quantized Flelds™s  Many others ppoke, bt pone nad much to  say about  the
outatonding problem tn elementary partfcle phyutes and the contral theme  of the
conferences  hut at the ond there was Murray Gel I=Manne  He had all the annwers.
He had, by thins time, put hin act topgethers  He had oxtended the fdea ot e
Frotopte npln to fnclude the new heavy aastable partfeles and onee he had made the
right ansigmments, {t worked beautltuliy, He o fnterpreted the pew particles an
displaced chavped multdpletne He called them the ptranpe partleles and int rodueed
the fdea of ntranpencas an a quantum pnumbe . Strangeness wan connerved  tnoohe
strong futeractfon by whieh they were produced and toltowed simple nelect ton pules

when  they  decayed  via the  weak  (nteraction. Goll-Mann's clansttication ol
part "elew, nteange and platn, (o phown o Fip. s, Evervthing fell (nto place fn
Gell-Mann's  lucld  and  dramatfc peport. The wpectioneopy ot the e lementary

partfelon had nuddenly become unde ratandable.
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